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DNA fingerprintingin silkwormBombyxmoriusing
bandedkraitminorsatelliteDNA-derivedprobe
The genomicDNA from thirteendifferentecotypesand inbredlines of silk-
worm,BombyxmoTi,wereanalyzedby digestingwith BstNI andHinfI restric-
tion enzymesfollowedbyhybridizationwithbandedkraitminorsatelliteDNA
(Bkm)-2(8) minisatelliteprobe.The DNA fingerprintingrevealed9-31 disc-
rete intensebands,someof whichwereecotype/inbredline-specific.Indivi-
dual specificDNA fingerprintsin two representativegenotypesand theirFl
hybrid offspringwere also obtained.Individualsof a given parentalline
showedverysimilarprofilesand the hybridoffspringshowedthe combined
profileof bothparents.The presenceof bandsspecificto diapausingandnon-
diapausingstrainsandto particulargenotypesindicatetheirpotentialusefor
marker-assistedbreedingand varietalidentification.
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1 Introduction
The variousecotypesand syntheticinbredlines of silk-
worm, BombyxmaTi,displaylargedifferencesin their
quantitativeand qualitativeattributesthat ultimately
controlsilkyield[1,2].Thestudyof geneticvariabilityin
this moth is thereforeof considerableinterestnot only
to calculategeneticdistanceand analyzepedigreerela-
tionshipsbut alsoto generatemolecularmarkerslinked
to variouseconomictraits.DNA fingerprintingwith an
M13 phageDNA probe[3]hasbeendonepreviouslyto
revealgeneticvariabilityin ameioticandmeioticparthe-
nogeneticclonesof silkworm[4,5].However,genome
analysisof diverseecotypesandinbredlinesof silkworm
hasnot beenattemptedso far.'In thepresentstudy,we
reportthepotentialof aminisatelliteprobe,bandedkrait
minorsatelliteDNA (Bkm)-2(8),[6-8] for the character-
ization of different silkworm genomes.This probe
revealsa high levelof restrictionfragmentlengthpoly-
morphism(RFLP) in a varietyof eukaryotes[8-11]and
has been used as a multilocusprobe in DNA finger-
printingin humans,crocodilians,etc.[12-14].Wedemon-
strateherethesuccessfuluseof thisprobein generating
DNA fingerprintsin all thirteen genotypesstudied.
Using the two representativediversegenotypes,Nistari
andNB1,we alsoshowthatthegenotype-specificfinger-
prints are inheritedby their Fl hybrid offspring.
2 Materialsandmethods
2.1 Silkwormgenotypes
Six diapausing(Hu2o4,KA, NB1,NB7,NB4D2and NB1S)
and sevennondiapausing(C. nichi, Gungnong,Moria,
Nistari,PureMysore,DiazoandSarupat)silkwormgeno-
types[15]wereselectedto checktheeffectivenessof the
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Bkm-2(8)probein generatingDNA fingerprints.These
genotypesdifferin the followingcharacteristics- larval
duration,cocoonweight,cocoonshell weight,suscepti-
bility to diseases,silk filamentlength,cocoonshellratio
andvoltinism(refersto numberof life cyclesin a year)
[15].Of the thirteengenotypes,NB1 and Nistari rep-
resentthe mostdivergenceandwerethereforeselected
to obtaininitial resultson theirindividualspecificityof
DNA fingerprintsaswellasontheinheritancepatternof
fingerprintsof theirFl hybridoffspring.NB1,an inbred
line derivedfroma Japanesehybrid,havingthepotential
to yield high quality cocoonsand better-qualitysilk
under optimumeco-climaticand nutritiveconditions.
However,it is susceptibleto diseasesundertropicalagro-
climaticconditions.On the otherhand,the Indian eco-
type, Nistari, is nondiapausing,disease-resistantand
highlyacclimatizedto theagroclimaticonditionsof the
tropics.However,it spinscocoonsof low shell weight
and silk of poor quality [15].
2.2 DNA isolation,restrictiondigestionandSouthern
hybridization
High molecularweight(HMW) genomicDNA wasiso-
lated from pooled posteriorsilk glandsof fifth instar
(day4) larvaeof eachof the thirteengenotypesmen-
tionedabove.Two stocksof Nistari,Nistari (H) andNis-
tari (L), are maintainedin our laboratory.For pooled
DNA samples,Nistari (L) was used.To obtain initial
resultson intrapopulationgeneticvariability,sex speci-
ficity,and mode of inheritance,HMW genomicDNA
was extractedfrom six individualmoths (threemales
andthreefemales)fromeachof NB1andNistari(H) as
well as four Fl hybrid individuals(two malesand two
females)resultingfrom a cross betweenNistari (H)
femaleandNB1 male.The procedureof Spragueet at.
[16]was followed for isolationof DNA. 10-12 Ilg of
DNA persamplewasdigestedto completionwithBstNI
or HinfI restrictionenzymes accordingto the recom-
mendation of the supplier (New England Biolabs).
Digestedsampleswererun in 30 cm long,S mm thick,
horizontal,1% agarosegelsat 60V for 16-18h in TPE
buffer (15 mM Tris-HCI, 18 mM NaH2P04,0.5 mM
EDTA, pH 7.8). Gel-fractionatedDNA sampleswere
transferredonto Hybond-N membranes(Amersham,
0173-0835/95/0909-1639 $5.00+.25/0
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Figure1. Bkm-2(8)hybridizationpatternof (A) BstNI and(B) Hinfl digestedDNA fromthirteensilkwormgenotypes.Lanes(1)-(13)arepooled
DNA samplesof HU204,C. nichi,Gungnong,Moria, Diazo, Sarupat,KA, NBb NB7,Nistari,Pure Mysore,NB4D2andNB]s, respectively.Each
lanecontains10-12jlg of DNA pooledfrom 12individuals.Hinfl profiles(B) areuniqueto eachgenotype.The arrowindicatesthebandshared
byall diapausing enotypes(lanes1,7,8,9,12 and13)andonenon-diapausingenotype,C. nichi (lane2).Note itsabsencein all theothernon-
diapausinggenotypes(lanes 3, 4, 5, 6, 10 and 11).Numberson the left indicateDNA fragmentsizes in kb.
UK) atapressureof 30mmHg usingavaccumblotting
apparatus.The membraneswerebakedat 80°Cfor 2 h.
The subclone Bkm-2(8) containing a 545 bp DNA
sequenceconsistingof 66 copiesof GATA repeatsinter-
spersedwithvariablenumberof dinucleotideTA repeats
in severalocationswas usedas probe[6-8]. A single-
strandedprobe[17]waspreparedto a specificactivityof
0.7-3.0X lOsCPpl/llg,using alphaF2P]-dATP(specific
activity,3000Ci/mmol; Jonaki,BARC, India).Theblots
werethenwashedin 7% SDS and 0.5M sodiumphos-
phatebuffer,pH'7.5,at 60°Cfor 2-3 h andthenhybri-
dizedwith 1-2 X 106cpm/mLof probein thesamebut
freshbufferat 60°Cfor 14-16 h. The blotswerethen
washedin 2 X SSC (1 x SSC is 0.15M NaCI" 0.015M
sodiumcitrate,pH 7.2)containing0.1% SDS for 15min,
onceat roomtemperatureandthriceat60°C.Themem-
braneswerethen exposedto X-rayfilms for 1-3 days.
2.3 Analysisof fingerprints
Autoradiographswereexaminedvisuallyto scorethe
numberof hybridizedbands.All bandsshowingsimilar
molecularweightswereconsideredtobeidentical.Each
lanewasscoredforthepresenceorabsenceof a partic-
ular fragment.
3 Results
3.1 Bkm-2(8)revealsgenotype-specificDNA fingerprint
patterns
The varioussilkwormgenotypes,as mentionedearlier,
are ecotypesand highly inbred lines and, therefore,
DNA fingerprintingwith pooledDNA sampleswascar-
ried out. Figures lA and IB showthe DNA profilesof
thesegenotypesafterBstNI andHinfI digestion,respec-
tively.In BstNI digestedsamples(Fig. lA), the bands
variedin numberfrom 22 (NB7,lane 9) to 31 (Gung-
nong, lane 3). However,the averagenumberof bands
(26.5)in diapausing(lane1,7,8,9, 12and 13)andnon-
diapausing(lanes 2, 3, 4, 5, 6, 10 and 11) ecotypes
remainedthe same.For HinfI digestion(Fig. IB), the
numberof bandsvariedfrom 9 (Diazo, lane 5) to 25
(NBIS' lane 13).The averagenumberof bandsin dia-
pausing(lanes1,7, 8,9, 12and 13)and nondiapausing
(lanes2,3, 4, 5, 6, 10and 11)genotypeswere20.5and
15.4,respectively.AlthoughBstNI DNA fingerprints(Fig.
lA) coulddifferentiatebetweendifferentgenotypes,the
Hinfi.profiles(Fig. IB) werefoundto bemoreusefulfor
distinguishingdiapausing(lanes1,7,8,9,12and13)and
nondiapausing(lanes3, 4, 5, 6, 10 and 11)genotypes.
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Figure2. Bkm-2(8)hybridizationpatternsof (A) BstNI and(B) HinfI digestedDNA from maleandfemaleindividualsof NistariandNB, geno-
typesandtheirFI offspring.Lanes1-6 areNistari;7-12,NBt; 13-16,F] hybridindividuals.Thesquaresandcirclesrepresentmalesandfemales,
respectively,Arrow and arrowheadsindicatepolymorphicbands observedin malesand females,respectively,
This is becausethe bandsuniqueto specificgenotypes
areof relativelylowmolecularweight«10 kbp)in HinfI
profilesthanthatof BstNI (>10kbp) andaretherefore
betterresolvedin theformer.A bandof 6.9kbpwasob-
servedonlyin thediapausingenotypes(Fig. IB, lanes1,
7, 8, 9, 12and 13)and one nondiapausingenotype,C.
Nichi (Fig. IB, lane2). Each of the thirteengenotypes
exhibita uniqueDNA profileafterdigestionwithHinfI.
For example,the nondiapausingenotypePure Mysore
(Fig. lB, lane 11),showed'four genotype-specificbands
(M, 8, 3.7,3.5and2.9kbp) whereasNBI, a diapausing
genotype,showed only one genotype-specificband
(2 kbp).
3.2 Inheritanceof DNA fingerprintpatternin Fl hybrid
offspring
Comparisonof DNA fingerprintsof individualsof Nis-
tari andNBI genotypeshowedthat,within eachgeno-
type, DNA fingerprintpatternsare virtually identical
(Fig.2A and2B).But polymorphicbandsbetweensexes
of the samegenotypewereobservedin both the geno-
types(Fig. 2A andB). However,sex-specificinheritance
patternwasabsentin FI hybridoffspring,resultingfrom
a crossof Nistari femaleandNB] male,afterdigestion
with either of the enzymes(Fig. 2A and Fig. 2B).
4 Discussion
The silkwormcomprisesa largenumberof ecotypesand
syntheticinbredlinesthatshowa high degreeof diver-
gencewith respectto geographicorigin,morphological,
quantitativeand qualitativetraits [1,2]. It is therefore
importantto studygeneticdiversityof varioussilkworm
genotypesfor the purposeof strain improvement.We
havepresentedhereour initial resultson genomeanal-
ysis in silkwormusing multilocusDNA fingerprinting
with Bkm-2(8)probe.DNA fingerprintsobtainedfor the
thirteengenotypesindicatethatthis probecanbe used
to determinegeneticrelatednessamongthem.The clear
prooffor thiscanbeseenin thehybridizationprofilesof
two sisterlines,NB4D2andNBI8(Fig. IA and IB, lanes
12and 13)whichare derivedfrom commonparentage
[18].Thesetwo genotypes howhomologyfor mostof
thebands,indicatingtheirhighdegreeof geneticrelated-
ness.Workis in progressto generatesubsetsof datathat
would help to test for congruenceand establishing
geneticrelatednessamongvariousgenotypes.The obser-
vationthat thereare bandsspecificto diapausingand
nondiapausingstrainssuggestthatthe possiblelinkage
of thesemarkerswith the traits of economicinterest
could be exploredfor their possibleuse in "marker
assistedbreeding"sincethesetwosetsof strainsdifferin
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their quantitativeand qualitativecharacters.Only one
genotype,C. Nichi, whichis a nondiapausingtype,also
showeda bandof 6.9kb (Fig. 1B,lane2) whichis seen
in all the diapausinggenotypes.This result is not sur-
prising since C. Nichi was diapausingwhen it was
broughtto India fromJapanalmost75yearsagoandhas
changedtowardsnondiapausingcharactersin thecourse
of continuousbreedingundertropicalconditions.Many
genotype-specificbands seen in BstNI (Fig. 1A) and
HinfI (Fig. 1B) profiles could be used as potential
markers for varietal identification and germplasm
screening.
The comparisonof individualfingerprintsof Nistariand
NBj indicatedthat individualsof Nistari tend to show
more similarprofiles than those of NBj. The Nistari
genotypewasintroducedin India almost500yearsago
and has a long historyof inbreeding[19].Our results
thereforemightsuggesta higherlevelof homozygosity
in Nistari.However,the homozygositycannotbe deter-
minedat this time becauseof lack of dataon a large
samplesize.The polymorphicbandsobservedbetween
,thesexesof both Nistari andNBj genotypesneedfur-
ther analysisusing dataon reciprocaland backcrosses
thatwould help us to understandsex-specificpolymor-
phism.
ThisworkwassupportedbyCentralSilk Board(Ministryof
Textiles),Governmentof India.
ReceivedDecember16, 1994
Ul'c//'OfJIW/l'I/1 1995. /0. 1639-1642
5 References
[1] Garno,T, lpn. Agricult.Res.Q. 1993.l6, 264-273.
[2] Hirobe,T., in: Proceedingsof theCongressof Genetics,Tokyo
1968,25-36
[3] Vasart,G., Georges,M., Monsieur,R., Brocas,H., Lequarre,A. S.,
ChristopheD., Science1987,235,683-684.
[4] Tretjk,A. P.,Ryskov,A. P., Sevastyanova,G. A., Fillippovich,Yu,
B., Strunnikov,V. A., FEBS Lell. 1992,3U3,258-260.
[5] Ryskov,A. P., Jincharadze,A. G., Prosnyak,M. 1.,Ivanov,P. L,
Limborska,S. A., FEBS Lell. 1988,233,388-392.
[6] Singh, L, Purdom,!. F., Jones, K. w., Chromosoma1980,79,
137-157.
[7] Singh, L, Phillips, C., Jones, K. w., Cell 1984,36, 111-120.
[8] Singh, L, Jones, K. w., Hum Genet1986,73,304-308.
[9] Singh,L, Winking,H., Jones,K. w., Gropp,A., Mol. Gen.Genet.
1988,212,440-449.
[10]Traut,w., Genetics1987,JJ 5, 493-498.
[11]Demas,S., Duronslet,M., Wachtel,S., Caillouet,C. Nakamura,
D., l. Exp. Zool. 1990,253,319-324.
[12]Demas,S., Wachtel,S., Genome1991,34, 472-476.
[13]Lang, J. w., Aggarwal,R. K., Majumdar,K. C., Singh,L, Mol.
Gen. Genet1993,238, 49-58.
[14]Aggarwal,R. K., Majumdar,K. C, Lang, J. W., Singh,L, Proc.
Natl.Acad.Sci. USA 1994,9l, 10601-10605.
[15]Nagaraja,G.M.,Nagaraju,J., Electrophoresis1995,16,1633-1638.
[16]Sprague,K. U., Roth,M. B., Manning,R. T, Gage,L P.,Cell 1979,
17, 407-413.
[17]Hu, N., Messing,J., Gene 1982,17,271-277.
[18]Nagaraju,J., Kumar, P. T, l. Seric.Sc/. lpn. 1995,64, 1-7.
[19]Mukherjee,N. G., in: Handbookoj' Sericulture,Gov!. Press,
Calcutta,India 1919.
